INTRODUCTION
Due to human eyes limitation to differentiate minute temperature differences produced by thermography imaging, computers are used to analyze the data. Operator selects the regions of the interest and the computers calculates the data, as this approach is difficult and times consuming, a number of computer aided detection/diagnosis (CAD) approaches based on artificial intelligence were developed. The problem with these CAD systems lies in the fact that although some of the designs are capable of achieving almost 90% accuracy [1], the breasts are segmented manually or semi-automatically before being introduced to the CAD system. Breast segmentation in thermal imaging is especially challenging as the image is actually a map of intensity variations. As these variations differ little from each other and are mostly uniform, it is very difficult to draw breast boundaries on the image. With the advancements in computational capacity and image processing techniques, new segmentation approaches are being developed which can One of such methods which achieved a wide use in medical imaging is the random walkers algorithm. The use of random walkers for image segmentation was first suggested by [2] , it is a supervised segmentation method which means the user must define a set of pixels belonging to each object for segmentation. This can be done automatically according to a predefined criterion or be done interactively by the user. The random walker segmentation is based on the probability of a random walker placed on a non-seed pixel reaching the seed first, in real life images with high pixel intensities it is practically impossible as the computational needs are beyond commercial computers.
With thanks to the graph theory and the existing solution for the combinatorial Dirichlet problem, it was shown that the probability of a random walker reaching a seed point exactly equals the solution to the Dirichlet problem [2] [3] [4] . These probabilities can be calculated without the need to actually engage in the random walks with ease and speed. In image processing, random walkers is based on construction of an undirected graph, G = (V, E); with image pixels corresponding to nodes v E V and connecting edges , f} E E � V x V . Weights, Wl j are assigned to edges , f} (j that connects nodes v( and 1.-1 ' according to the following equation:
Where P is a user adjustable parameter and 8 ( is the image intensity at pixel i . The weight"1 j is equivalent to the probability that the random walker crosses that particular edge, by adjusting p we can adjust the edge crossing behavior of the random walker algorithm so that it may pass or stop at particular edges [2, 5] . The random walkers have been successfully utilized by the image processing and the biomedical engineering practices for the purpose of segmenting medical images. Random walkers have shown great accuracy and noise tolerance usually present in medical images as seen in Figure 1 . In a study comparing different segmentation methods for positron emission tomography (PET) images random walkers were found to provide the most accurate results [6] , in case of CT images random walkers were more accurate than other segmentation methods such as level sets [7] and in case of brain MRI random walkers performed accurately [8] . Although thermography imaging differs significantly from MRI and CT scan imaging, high performance of random walkers in MRI and CT image segmentation where the edges between different regions are difficult to detect motivated the adaptation of random walkers segmentation of breasts in thermography. Image segmentation approaches are usually based on the identification of characteristics or features of the object and leveraging on them to achieve a proper segmentation. In breast thermography the lack of defmed edges on the upper boundaries of the breast and the fact that breasts have different shape and characteristics even between breasts of a single individual, makes segmentation of breasts a difficult task for all segmentation methods. Many methods have been developed such as Snakes [15] , Hough transform based segmentation [9] , Morphological Image Segmentation [lO] and curvature based segmentation [9] [11]. Although almost half of all breast cancers occur in the upper region of the breast known as the tail of the breast [12,13], most of these methods cannot segment the upper region of the breast with requ ired accuracy.
image, the efficiency of these methods decreases dramatically. For medical evaluation breasts are divided to five categories based on their thermal properties namely THI (normal nonvascular), TH2 (normal-vascular), TH3 (equivocal), TH4 (Abnormal), or TH5 (severely abnormal), and these categories are illustrated in Figure 2. II.
PROPOSED SEGMENT A nON
All images used for this study were captured by state of the art FUR thermal cameras and have good resolution and sensitivity. The developed algorithm needs no human intervention until the final result is displayed to the user, if the user is not satisfied with the segmentation results she/he can appoint new seeds interactively to fine tune the segmentation. Although the algorithm showed great success for all images from THI till TH5, this interactive mode will further increase the accuracy of the results.
Main steps for the breast segmentation with random walkers include the removal of the background which does not fall into the body boundaries, dynamic intensity level stretching and filtering, areola detection and seed implementation for segmentation A.
Edge detection and background removal
The removal of the background in many image segmentation algorithms provides better accuracy. For this study an adaptive method was developed which selects the best parameters for the edge detection automatically, it should be noted that the images were smoothen by a Gaussian smoothing function before this process. After the edges were detected the image is then abstracted from the background, the process work successfully in all images in our data base, the example can be seen in figure 2.
B.

Dynamic intensity level stretching andjiltering
As the intensity properties of the images were different in respect to the machine that they were acquired with, three different approaches were developed to modify the image based on the intensity values of the original image. For increasing the level of detail in the image before applying the areola detection, a series of Top-Hat and Bottom-Hat enhancements are applied on the image, this is done to emphasize the edges present in the image. A circular structuring element was used-show the shape and size of structuring element. The results can be seen in Figure 3 . 
C. Detecting the areola area
A series of modified circular Hough transforms [14] are applied to the image to find the most likely candidates for the areola area, after the calculation a matrix of possible candidates are produced. As the areola area shows significant intensity variations from the surrounding tissue, an algorithm which was developed to analyze the intensity variations is then applied to each point analyzing radios of 4 to 25 pixels around each point. After analyzing these variations the algorithm returns the most likely area of the areola with its calculated area and diameter. Although the algorithm functioned well in most of the images, it struggled to produce accurate results in non-standard images with poor intensity levels as seen in Figure 4 . 
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D. Seed implementation and Random Walker algorithm
After the nipple area was detected, the seeds are implemented dynamically according to the position of the areola. The main seeds for the breast are shaped as an ellipse as the breasts are usually shaped like ellipses. The random walkers show incredible ability in detecting the missing boundaries or where the boundaries are very weak and almost undetectable by other methods. In case of breasts the upper boundaries represents the greatest challenge to any segmentation method. Random walker showed promising results as seen in Figure 5 ,the red area shows the segmented breasts, it should be noted that the seeds were not put dynamically and the same seeding position were used for all images and only covered a portion of the breast area, this was done to show the robustness of algorithm. In case of TH4 and TH5 some artifacts might be present in the segmentation of the image which are identified and removed automatically. The ability of the random walkers to differentiate different areas with different parameters marked as belonging to the same region proves invaluable in segmentation of TH4 and TH5 type breast thermography where there are abnormalities within the breast which must be included in the segmentation. The developed algorithm showed great accuracy in fully dynamic and automatic mode for the detection of the breast boundaries as seen in Figure 6 . III.
CONCLUSION
The segmentation of breasts is needed for proper evaluation of the TH levels. Although many attempts have been tried, the absence of clear boundaries in the upper region of the breasts provides a great challenge to any segmentation approach while approximately half of the breast cancers develop in that region which makes the proper segmentation of upper regions of the breast mandatory. With help of random walkers ability to overcome this problem breasts can now be accurately extracted from the image with good accuracy and reliability. This in tum contributes significantly to the accuracy and reliability of any CAD system used for thermography evaluation along with reducing the human intervention as much as possible thus enabling the use of CAD systems in more clinics for increased sensitivity in evaluation of the breast cancer.
